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ABSTRACT : 

PROBLEM TO BE SOLVED: To restrain the short 
circuit of a solar cell module 

from being generated when light is shut off partly 
at high humidity by a method 

wherein a bypass diode is used as an i-n or i-p 
junction diode element which is 

deposited and formed on a conductive substrate and 
which is composed of a 

silicon non-single- crystal semiconductor. 

SOLUTION: Since a semiconductor layer at a solar 
cell element 101 and a 

semiconductor layer at a diode element 102 are 
composed of a silicon non- 
single crystal of the same quality, the 
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semiconductor layers are formed 

simultaneously on a conductive substrate. Since a 
direction toward a collector 

electrode 108D from the conductive substrate 103 in 
the diode element 102 is a 

forward direction (or a reverse direction) , the 
diode element 102 is 

parallel-connected to the solar cell element 101 in 
the reverse direction when 

the collector electrode 108 at the solar cell 
element 101 and the collector 

electrode 108D at the diode element are connected 
by a conductor 109, and the 

diode element acts as a bypass diode. Thereby, 
even when light is shut off 

partly in the array of tandem solar cell elements, 
a reverse voltage which is 

applied to a light-shielding element becomes low, 
and the short circuit of the 
element can be suppressed. 
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BASIC-ABSTRACT: 

The module has a p type, n type and i type 

semiconductor layers which form a 

pin junction on an electrically conductive 

substrate of multilayered tandem 

type solar cell. 

A deposit formation of ip- type bypass diode with 
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silicon type non-monocrystal 

semiconductor is done on a diode element (102) 
ip- type on the electrically 
conductive substrate . 

ADVANTAGE - Prevents short circuit generation 
partial optical interruption 
due to high degree of humidity. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The tandem-die solar battery element which carried out two or more laminatings of nip or pin junction which 
consists a n-type semiconductor of a silicon system non-single crystal semiconductor on a conductive substrate when n 
and an i-type semiconductor are set to i and a p type semiconductor is set to p, In the solar battery which serves as said 
solar battery element from the by-pass diode by which parallel connection was carried out to said solar battery element 
so that it may become hard flow electrically The solar battery characterized by being in which said by-pass diode 
becomes from the silicon system non-single crystal semiconductor by which deposition formation was carried out on 
said conductive substrate, or the diode component of ip junction. 

[Claim 2] i in said diode component is a solar battery according to claim 1 characterized by consisting of amorphous 
silicon germanium. 

[Claim 3] The solar battery according to claim 1 or 2 which ****** having the diode which turns into said by-pass 
diode from the single crystal semiconductor by which parallel connection was carried out to said by-pass diode so that 
it may become the forward direction electrically. 

[Claim 4] The solar cell module which ****** having carried out the series connection of two or more solar batteries 
of a publication to claim 1 thru/or at least 1 term of 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a solar battery and a solar cell module. More, it is related with the 
solar battery and solar cell module which formed the by-pass diode by which parallel connection was carried out to the 
solar battery element so that it may become hard flow electrically [ a solar battery element ] in a detail. 
[0002] 

[Description of the Prior Art] The modularization of current and the solar battery for power is carried out in the form of 
the component array which generally carried out the series connection of two or more **** cell components. 
[0003] The sum total of the generated voltage of the component which has generated others is impressed to the 
component which became a shadow when operating by series connection and some components of a component array 
went into the shadow in the form of reverse voltage, and when it becomes the value to which this reverse voltage 
exceeds pressure-proofing of a component, there is a problem that destruction of a component arises. 
[0004] As an approach of preventing destruction of the component by such partial optical cutoff, the approach of 
connecting the so-called by -pass diode to juxtaposition is learned by the reverse sense, and, generally it is carried out to 
each component by which the series connection was carried out. Moreover, forming a by-pass diode in a photovoltaic 
cell and coincidence is also performed, and some techniques which form a by-pass diode on the same substrate are 
proposed also in the solar battery using a non-single crystal semiconductor. 

[0005] With the solar battery using the amorphous silicon deposited on the insulating substrate, a part of component is 
separated, electrode connection is made at the reverse sense and the technique which forms a by-pass diode is indicated 
by JP,63-13358,B. The technique which carries out separation formation of an amorphous silicon solar cell and the 
Schottky barrier diode on the same substrate is indicated by JP,2-5575,B. 

[0006] Thus, if parallel connection of the by-pass diode is carried out to each solar battery element, when some 
components of a component array become a shadow, for the component which became a shadow, the reverse voltage 
more than the forward voltage of a by -pass diode is not impressed, but can prevent destruction of the solar battery 
element by high-voltage impression. 

[0007] However, even if it has connected the by-pass diode in this way, under certain conditions, the solar battery 
element which became a shadow partially can be in a short circuit condition. 

[0008] That is, reverse voltage of this level is impressed to the solar battery element by which optical cutoff of the 
forward voltage of a by-pass diode was partially carried out about abbreviation 0.8V in the case of the pn junction 
diode of single crystal silicon. Usually, although a short circuit is not produced for an amorphous silicon solar cell 
component on an electrical potential difference of this level When the metal which ionizes as the electrode and rear- 
face reflective film of a solar battery element, and is easy to move is used, In the condition that moisture invaded into 
the semi-conductor film of a solar battery element through the membranous edge, a crack, a pinhole, etc., in order for a 
metal ion to move in the inside of the semi-conductor film, to form a partial track in the semi-conductor film and to 
generate a short circuit cable run also on an electrical potential difference of this level, there is a problem that a 
dangerous condition arises. 

[0009] Below, the layer of Ag with a reflection factor high as a light reflex layer on the back is formed on a conductive 
substrate, the laminating of n of amorphous Si, i, and the p type semiconductor layer is carried out to this order on it, 
the case of the solar battery element which formed the transparent electrode on it further is taken up, and the above- 
mentioned problem is explained more concretely. 

[0010] The nip junction structure which arranges a p type semiconductor layer to an optical incidence side in the solar 
battery using a non-single-crystal-silicon system semi-conductor is in use, in order to use incident light effectively and 
to make the amount of generating currents increase, it is also performed that the rear-face light reflex layer in which the 
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light which penetrated the semi-conductor layer once is reflected with the rear face forms [ many ], and this example is 
the configuration of a very general solar battery element. 

[001 1] Even if moisture invades into a semi-conductor layer and a part of Ag of a light reflex layer cation-izes by such 
solar battery element since a conductive substrate side generates a negative electrical potential difference where an 
optical exposure is usually made the whole surface at the time of a generation of electrical energy, Ag ion does not 
move in the inside of the semi-conductor film. 

[0012] however, after moisture has invaded into the semi-conductor film with such a solar battery, when optical cutoff 
of this solar battery element is partially carried out in a component array If a negative electrical potential difference is 
impressed to a transparent electrode side, a part of Ag of a light reflex layer cation-izes, forward Ag ion moves toward 
the transparent electrode with which the inside of the semi-conductor film was impressed to the negative electrical 
potential difference, and it is possible to deposit as Ag again by the transparent electrode side. The danger that the short 
circuit cable run of partial Ag will be formed into the semi-conductor film by this is high. 

[0013] Although it is thought that it generates and the phenomenon of ionization of such a metal ion, migration, and a 
deposit advances in proportion [ almost ] to the electrical potential difference impressed also with the forward voltage 
of about 0.8 V of the pn junction diode of single crystal silicon, if this phenomenon advances more than fixed, a short 
circuit cable run will be formed in the semi-conductor film, and it is thought that a short-circuit current increases 
rapidly. 

[0014] Such a phenomenon is avoidable if invasion of the moisture of not using a metal which is ionized at the semi- 
conductor film rear face, or a steam can be prevented completely. 

[0015] However, it is necessary to use high conductivity and the metal of a high reflection factor as a current collection 
electrode or a rear-face reflecting layer, and easy to tend ionize metals used as such a metal, such as silver and copper. 
[ many ] 

[0016] Moreover, when using it by the outdoor severe environmental condition over many years as a solar battery for 
power, if it is very difficult for a module to guarantee perfect waterproofing and the cure against waterproofing of 
closing the whole solar battery element with glass completely is performed, modular weight will become very heavy 
and the installation approach will be limited. Moreover, the problem that cost starts obtaining generating cost 
equivalent to commercial power as an object for power too much is also produced. 

[0017] The solar battery using amorphous silicon indicated by aforementioned JP,63-13358,B is deposited on an 
insulating substrate. By the approach of separating a part of component, and making electrode connection and forming 
a by-pass diode in the reverse sense The forward voltage of the photovoltaic cell which consists of pin junction of 
amorphous silicon is about 1.0V. Even if it is equivalent to the forward voltage of the diode which consists of pn 
junction of single crystal silicon and changes and adopts it as single crystal silicon diode, there is no effectiveness in 
controlling generating of a short circuit of the semi-conductor film by the above-mentioned partial light cutoff under 
highly humid. In the case of the tandem-die structure to which the solar battery element carried out the laminating of 
two or more nip junction especially, since the open circuit voltage of a solar battery element is high, there is a problem 
that the forward voltage of a by-pass diode becomes quite high in proportion to the open circuit voltage of a solar 
battery element. 

[0018] On the other hand, by the approach of forming an amorphous silicon solar cell and the Schottky barrier diode on 
the same substrate indicated by aforementioned JP,2-5575,B, it is thought that effectiveness is in control of the short 
circuit by the partial light cutoff under highly humid if it is changed and adopted as the pn junction diode of single 
crystal silicon since the forward voltage of the Schottky barrier diode is lower than the forward voltage of pn junction 
diode. 

[0019] however, by the approach indicated by aforementioned JP,2-5575,B When a solar battery element and diode are 
formed on the same conductive substrate, unless it prepares an insulating layer and the electrode of a solar battery 
element and diode is completely separated on a conductive substrate Since a solar battery element and diode become 
the polarity of this direction to a conductive substrate, Parallel connection of the diode could not be carried out to a 
solar battery element to hard flow, but there was a problem that it could not be used as a by-pass diode of what can be 
used as blocking diodes of an antisuckback. 
[0020] 

[Problem(s) to be Solved by the Invention] This invention controls generating of a short circuit of the solar cell module 
by the partial optical cutoff under high humidity, and aims at offering a reliable solar battery and a reliable solar cell 
module. 
[0021] 

[Means for Solving the Problem] The tandem-die solar battery element which carried out two or more laminatings of 
nip or pin junction to which the solar battery of this invention consists of a silicon system non-single crystal 



Page 3 of 18 



semiconductor on a conductive substrate when n and an i-type semiconductor are set to i and it sets a p type 
semiconductor to p for a n-type semiconductor, In the solar battery which serves as said solar battery element from the 
by-pass diode by which parallel connection was carried out to said solar battery element so that it may become hard 
flow electrically It is characterized by being in which said by-pass diode becomes from the silicon system non-single 
crystal semiconductor by which deposition formation was carried out on said conductive substrate, or the diode 
component of ip junction. 

[0022] Moreover, as for i in said diode component, consisting of amorphous silicon germanium is desirable. 
[0023] Furthermore, as for said by-pass diode, it is desirable to have the diode which consists of a single crystal 
semiconductor by which parallel connection was carried out to said by-pass diode so that it may become the forward 
direction electrically. 

[0024] The solar cell module of this invention ****** having carried out series connection of two or more solar 

batteries mentioned above. 

[0025] 

[Function] The tandem-die solar battery element which carried out two or more laminatings of nip or pin junction 
which consists a n-type semiconductor of a silicon system non-single crystal semiconductor on a conductive substrate 
when n and an i-type semiconductor are set to i and a p type semiconductor is set to p in invention concerning claim 1, 
In the solar battery which serves as said solar battery element from the by-pass diode by which parallel connection was 
carried out to said solar battery element so that it may become hard flow electrically Since it is in which said by-pass 
diode becomes from the silicon system non-single crystal semiconductor by which deposition formation was carried 
out on said conductive substrate, or the diode component of ip junction, An insulating layer can be prepared on said 
conductive substrate, it is not necessary to separate completely the electrode of said solar battery element and said by- 
pass diode and, and forward voltage of a diode component can be carried out to 0.45-0. 5 V of abbreviation one half as 
compared with the diode component of pin or nip junction. 

[0026] Although forward voltage becomes still lower and it is based also on the presentation ratio of Si and germanium 
in invention concerning claim 2 when i in said diode component is written as amorphous silicon germanium and 
narrow a-SiGe of a band gap is used for an i-type semiconductor layer, it can lower to about 0.3v. 
[0027] In invention concerning claim 3, since it has the diode which consists of a single crystal semiconductor by 
which parallel connection was carried out to said by-pass diode, reduction in the forward voltage of a by-pass diode and 
coexistence of increase of allowable-current capacity can be aimed at, so that it may become the forward direction 
electrically [ said by-pass diode ]. 

[0028] Reduction of the forward voltage by claims 1-3 mentioned above brings about the further fall of the reverse 
voltage impressed to a protection-from-light component, even if partial optical cutoff arises in the array of a tandem-die 
solar battery element. 

[0029] consequently, dielectric breakdown of the component by the high voltage - from the first - half a solar battery 
element - thin -- a body membrane - when moisture invades, the solar battery which can be sharply controlled by the 
short circuit of the component by migration of a metal ion is obtained. 

[0030] In invention concerning claim 4, since the series connection of two or more solar batteries of a publication was 
carried out to at least 1 term of claims 1-3, generating of a short circuit of the solar cell module by the partial optical 
cutoff under high humidity is controlled. Consequently, a reliable solar cell module is obtained. 
[0031] 

[Embodiment of the Invention] 

(Solar battery) Fundamentally, the solar battery concerning this invention consists of a conductive substrate, a tandem- 
die solar battery element which consists of two or more nip (or pin) junction, and a diode component which consists of 
in (or ip) junction. In fact, many solar batteries shown below can be considered from the arrangement relation of the 
number which nip (or pin) junction piles up, and a solar battery element and a diode component. 
[0032] Below, the solar battery concerning this invention is explained to a detail, referring to a drawing, 
((a) Solar battery) Drawing 1 is the typical sectional view showing an example of the solar battery concerning this 
invention, and calls a solar battery a henceforth. A solar battery a is the case where a solar battery element and a diode 
component are on the same side of a conductive substrate, and the solar battery element and the diode component are 
electrically connected with the conductive substrate through lead wire. 

[0033] drawin g 1 -- setting - a solar battery element 101 - the conductive substrate 103 top - n (or p) mold semi- 
conductor layer 104A - substantial - genuineness semi-conductor layer 105 A, p (or n) mold semi-conductor layer 
106 A, and n (or p) mold semi-conductor layer 104B -- it consists of intrinsic semi-conductor layer 105B, p (or n) mold 
semi-conductor layer 106B, a transparent electrode 107, and a current collection electrode 108 substantially. 
[0034] Moreover, the diode component 102 is formed on the same conductive substrate 103 as a solar battery element, 
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and consists of intrinsic semi -conductor layer 105D, n (or p) mold semi-conductor layer 104D, transparent electrode 
107D, and current collection electrode 108D substantially. 

[0035] By the optical incidence from a transparent electrode side, the electromotive force of the sense forward (or 
negative) in the up current collection electrode 108 side occurs [ the conductive substrate 103 side ] in negative (or 
forward) in a solar battery element 101. 

[0036] On the other hand, it is shaded by the diode component 102 by the protection-from-light coating 1 10 grade, 
optical incidence to a semi-conductor layer is not performed, and photoelectromotive force is not generated. By 
connecting the current collection electrode 108 of a solar battery element 101, and current collection electrode 108D of 
a diode component with lead wire 109 from the conductive substrate 103, since the sense of current collection electrode 
108D HE is the forward direction (or hard flow), parallel connection of the diode component 102 is carried out to a 
solar battery element 101 to hard flow, and the diode component 102 acts as a by-pass diode. 
[0037] In this invention, since a solar battery element has the structure of a tandem die, it generates a high electrical 
potential difference. When an amorphous silicon system ingredient is used as a semi-conductor layer, i type layer 
occurs with the nipnip two-layer tandem-die component of a-Si/a-Si, and the high open circuit voltage of about 2.6 V 
occurs with about 1.8V and the three layer tandem-die component of nipnipnip(s) of a-Si/a-Si/a-SiGe. 
[0038] However, since the by-pass diode component of this invention is independent in or ip junction structure, the 
forward voltage becomes abbreviation half [ of the forward voltage of independent pin or nip junction diode ]. The 
forward voltage of the by-pass diode component of this invention is lower than the forward voltage of the diode which 
consists of pn junction of single crystal silicon, and when an i-type semiconductor layer is a-Si, it becomes 
Abbreviation 0.45-0. 5V. Moreover, when narrow a-SiGe of a band gap is used for an i-type semiconductor layer, 
forward voltage becomes still lower, and although based also on the presentation ratio of Si and germanium, it can be 
lowered to about 0.3 v. 

[0039] dielectric breakdown of the component according [ for this low forward voltage, even if partial optical cutoff 
arises in the array of a tandem-die solar battery element, the reverse voltage impressed to a protection-from-light 
component becomes very low, and ] to the high voltage ~ from the first - half a solar battery element - thin - a body 
membrane -- when moisture invades, the short circuit of the component by migration of a metal ion is controlled 
sharply. 

[0040] In this invention, it is desirable to carry out the laminating of the transparent electrodes, such as ITO 
(In203+Sn02), Sn02, In203, and ZnO, on the semi-conductor film of a diode component. In drawing 1 , although 
current collection electrode 108D is not directly prepared on semi-conductor layer 104D of the diode component 102 
but there is no Mitsuteru putting, the laminating of the transparent electrode 107D is carried out for the metal of current 
collection electrode 108D of a diode component preventing invading into the semi-conductor film on the generation-of- 
electrical-energy electrical potential difference of a solar battery element, and preventing the short circuit of a diode 
component. 

[0041] In this invention, since the semi-conductor layer of a solar battery element and the semi-conductor layer of a 
diode component consist of a homogeneous silicon system non-single crystal, they can be formed on a conductive 
substrate at coincidence, although the semi-conductor film of a solar battery element 101 and the diode component 102 
is separated on the conductive substrate 103 in drawing 1 - i type layer 105D of a diode component - i type layer 
105 A of a solar battery element, simultaneously n(p) type layer 104D - 104B, simultaneously transparence electric 
conduction film 107D ~ 107, simultaneously current collection electrode 108D — 108 - simultaneously, deposition 
formation can be carried out. In that case, in order to make the part of a diode component deposit some deposition film 
of a solar battery element, well-known means, such as masking, can be used. In case film other than the required film is 
deposited with a diode component in a solar battery element, a diode component formation field can be covered with a 
mask, and only the desired film can be chosen and deposited by making it the film not accumulate. 
[0042] ((b) Solar battery) Drawing 2 is the typical sectional view showing an example of the solar battery concerning 
this invention, and calls a solar battery b henceforth. A solar battery b is the case where the semi-conductor film 
deposited as a diode component is deposited continuously, without dissociating with a solar battery element. 
[0043] 201-210 in drawing 2 support 101-1 10 of drawing 1 . drawin g 2 - setting - i type of the diode component 202 - 
- layer 205 A and n(p) type layer 204B ~ i type of a solar battery element 201 - layer 205 A and n(p) type layer 204B 
are followed. 

[0044] Although the leakage current arises in a longitudinal direction in this semi-conductor layer by sharing a semi- 
conductor layer, the resistivity of the non-single-crystal-silicon film is quite high, since thickness is also thin, the 
leakage current to the longitudinal direction in this semi-conductor layer is very small, and if even the high transparent 
electrode and current collection electrode of conductivity are separated about several mm, it will not have a bad 
influence on the property of a solar battery element practically. Although a level difference is made at the edge of a 
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solar battery element 201 in the semi-conductor layer to share, even if it is [ spacing of a solar battery element and a 
diode component ] narrower for the film not to continue here and to be cut with the level difference, it is more desirable 
at the point that the lateral leakage current can be prevented. 

[0045] In addition, when light is irradiated, since the photoelectromotive force of hard flow is generated, although there 
is no up electrode and a current is hardly collected, it is desirable [ the field between a solar battery element and a diode 
component / a solar battery element ] to apply protection-from-light coating 210 grade, and to shade. 
[0046] ((c) Solar battery) Drawing 3 is the typical sectional view showing an example of the solar battery concerning 
this invention, and calls a solar battery c henceforth. A solar battery c is the case where a solar battery element and a 
diode component are prepared through a conductive substrate. 301-309 in drawing 3 support 101-109 of drawin g 1 . 
[0047] In this case, since the diode component 302 is formed in the optical exposure rear face of the conductive 
substrate 301, the light-receiving area of a solar cell module does not decrease by formation of a diode component. 
Moreover, it is possible not to care about reduction of light-receiving area, but to form a diode component in a large 
area, and the large current capacity of a diode component can be taken. Furthermore, since a diode component is 
shaded by the conductive substrate, there is an advantage that it is not necessary to shade a diode component in 
protection-from-light coatings etc. 

[0048] In addition, the semi-conductor layers 305D and 304D of the diode component 302 can be easily formed in this 
case by depositing the semi-conductor film on coincidence also at the rear face of the conductive substrate 303 at the 
time of deposition of the semi-conductor layers 305A and 304B of a solar battery element 301. 
[0049] Moreover, in drawing 3 , although the diode component is formed only in the rear face of a conductive 
substrate, it may be formed in both sides of a rear face and a front face. 

[0050] ((d) Solar battery) Drawing 4 is the typical sectional view showing an example of the solar battery concerning 
this invention, and calls a solar battery d henceforth. A solar battery d is the case where carried out parallel connection 
of the diode 41 1 which becomes the solar battery a of drawing 1 from a single crystal semiconductor further, and it is 
formed. 401-409 in drawing 4 support 101-109 of drawing 1 . 

[0051] As mentioned above, when the diode component 402 is formed on the same machine hill 403 at a solar battery 
element 401, parallel connection is carried out to hard flow with lead wire 409 and a solar-battery array is formed, even 
if there is no single crystal diode 41 1, it acts as a by-pass diode. 

[0052] At this time, since the forward voltage of the diode component 402 is low, even if partial optical cutoff arises in 
a solar-battery array, the reverse voltage impressed to a solar battery element 401 becomes quite low. 
[0053] However, the diode component 402 is on the same substrate 403 as a solar battery element 401, and in order to 
prevent reduction of light-receiving area, as compared with a solar battery element 401, the area of the diode 
component 402 cannot do it not much greatly. Therefore, when there is no single crystal diode 41 1 and partial optical 
cutoff arises in a solar-battery array, the generating current of other solar battery elements of a solar-battery array 
almost equal to the small diode component 402 on the generating current of a solar battery element 401 will flow as 
forward current, and when the allowable-current capacity of the diode component 402 which this forward current 
becomes from a silicon system non-single crystal semiconductor is exceeded, there is a danger of being destroyed diode 
component 402. 

[0054] When the single crystal diode 411 also with big [ current capacity ] forward voltage being also high is connected 
to the diode component 402 in this direction at juxtaposition, the high current in the field where applied voltage is high 
flows the single crystal diode 41 1, the small current in the field where applied voltage is lower than the forward voltage 
of single crystal diode acts so that the diode component 402 which consists of a non-single crystal semiconductor may 
be flowed, and reduction in the forward voltage of a by-pass diode and coexistence of increase of allowable-current 
capacity are achieved. 

[0055] In addition, the diode component according to individual which consists of silicon or germanium and has pn 
junction, pin junction, or Schottky barrier junction structure as single crystal diode used in this invention is 
********** th e forward direction allowable-current capacity (maximum rating value) of this single crystal diode - 
desirable ~ the short-circuit current at the time of AMI. 5 (1000 W/m2) exposure of each solar battery element ~ it 
takes more preferably for 3 or more times more than twice. 

[0056] (Solar-battery e-h) Drawin g 6 - drawing 9 are the typical sectional views showing an example of the solar 
battery concerning this invention, and call solar-battery e-h henceforth. Solar-battery e-h is the case where the three- 
layer tandem-die solar battery element which carried out the three-piece laminating of nip or the pin junction is used. 
[0057] In this case, two or more combination by in which semi-conductor layer and coincidence of a solar battery 
element the semi-conductor layer used for the diode component formed on the same substrate as a solar battery element 
is formed exists. 

[0058] Drawing 6 - drawing 9 have shown the semi-conductor layer continuously so that it may turn out the semi- 
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conductor layer [ which semi-conductor layer of a solar battery element, and ] of a diode component were formed in 
coincidence. 

[0059] Dr awing 6 (solar battery e) is the case where the semi-conductor layer of a diode component is used as the i- 
type semiconductor layer of the eel of the 1st layer of a solar battery element, and n (or p) mold semi-conductor layer 
of the eel of the 2nd layer from the bottom at order. 

[0060] Drawing 7 (solar battery f) is the case where the semi-conductor layer of a diode component is used as the i-type 
semiconductor layer of the eel of the 2nd layer of a solar battery element, and n (or p) mold semi-conductor layer of the 
eel of the 3rd layer from the bottom at order. 

[0061] Drawing 8 (solar battery g) is the case where the semi-conductor layer of a diode component is used as the i- 
type semiconductor layer of the eel of the 1st layer of a solar battery element, n (or p) mold semi-conductor layer of the 
eel of the 2nd layer, and n (or p) mold semi-conductor layer of the eel of the 3rd layer from the bottom at order. 
[0062] In this case, thickness of the impurity dope layer of a diode component can be thickened. 
[0063] Drawing 9 (solar battery h) is the case where the semi-conductor layer of a diode component is used as the i- 
type semiconductor layer of the eel of the 1st layer of a solar battery element, the i-type semiconductor layer of the eel 
of the 2nd layer, and n (or p) mold semi-conductor layer of the eel of the 2nd layer from the bottom at order. In this 
case, a diode component can make substantial thickly thickness of a genuineness i-type semiconductor layer. 
[0064] (Diode component) As thickness of a genuineness semi-conductor layer, the range of about 50 to about 500nm 
is substantially [ the diode component concerning this invention ] desirable. In less than about 50nm, it is easy to 
produce a pinhole in a semi-conductor layer, and easy to produce dielectric breakdown. Moreover, if thicker than about 
500nm, the electric field inside this layer will become weaker, and the fall of diode characteristics will be caused. 
[0065] Moreover, as thickness of the impurity dope layer substantially joined to the genuineness semi-conductor film 
with the diode component concerning this invention, it is desirable that it is about 5nm or more. In less than about 5nm, 
it is difficult to form a semi-conductor layer in homogeneity, and it causes the fall of diode characteristics. 
[0066] (Conductive substrate) As a conductive substrate concerning this invention, there are little deformation and 
distortion in the temperature needed at the time of semi-conductor film formation, and it is desirable that it is what has 
desired reinforcement and has good conductivity. Specifically, what performed electric conduction processing with 
vacuum deposition, the sputtering method, plating, etc. is mentioned to front faces, such as heat resistant resin, such as 
metal plates, such as stainless steel, aluminum and its alloy, iron and its alloy, copper, and its alloy, or polyimide, a 
polyamide, polyethylene terephthalate, and epoxy, and a glassp late, in a metal simple sub gtancg jpr an allo y,, a 
transparent conductive oxide, etc 

[0067] in addition, the long wave which reached the conductive substrate at the substrate - a metal layer of a different 
kind for the purpose, such as improvement in the reflection factor of light, prevention of the counter diffusion of a 
substrate ingredient and a semi-conductor layer, improvement in adhesion, and smoothing of a substrate front face, may 
be prepared in a semi-conductor stratification side front face. 

[0068] When preparing as a light reflex layer, as such a metal layer, the metal with a high reflection factor is suitable 
by near-infrared from the lights, such as Ag, aluminum, Cu, Au, and AlSi. 

[0069] Moreover, when these metal layers are prepared, it is desirable to prepare a transparence conductive layer 
among these metal layers and semi-conductor layers, in order to prevent diffusion of the metal of semi-conductor layer 
HE from a metal layer. 

[0070] As such a transparence conductive layer, transparent conductive oxides, such as ZnO, Sn02, In203, and ITO, 
are mentioned as optimal thing. 

[0071] (The manufacturing installation and the manufacture approach of a silicon system non-single crystal half 
conductor layer) In forming a silicon system non-single crystal half conductor layer, in the solar battery concerning this 
invention, it is possible to use various kinds of manufacture approaches and a manufacturing installation. 
[0072] The solar battery shown in drawing 1 is producible using the manufacturing installation of a configuration of 
having been shown in drawing 10 . The manufacturing installation shown in drawing 10 is the so-called continuation 
manufacturing installation of the roll two roll method by the plasma CVD method. In drawing 10 , the sectional view 
which saw drawing 10 (A) from the longitudinal direction of equipment, and drawing 10 (B) are the sectional views 
seen from the upper part of this equipment. 

[0073] In drawing 10 , a band-like conductive substrate begins to roll n according [ 1004A, 1005 A, 1006A, 1004B, 
1005B, and 1006B ] to a plasma-CVD method, i, the membrane formation room of p (or p, i, n) type layer, and 1001 
and 1002, and they are ** and a rolling-up room. The discharge room 1008 is established in the vacuum chamber of 
each membrane formation room, and deposition of the silicon system non-single crystal semiconductor film is 
performed by occurring glow discharge in the discharge indoor section. The vacuum chamber of each membrane 
formation room is connected by the gas gate 1007 which passes purge gas, such as helium, to a slit and prevents mutual 
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mixing of the gas between membrane formation rooms. 1003 is a band-like conductive substrate like a stainless steel 
sheet with 0. 13mm [ in thickness ], and a width of face of 36cm. It passes through six membrane formation rooms 
1004 A, 1005 A, 1006 A, 1004B, 1005B, and 1006B, beginning to be wound and being continuously conveyed from the 
supply room 1001. While being rolled round by the rolling-up room 1002, the cascade screen of the silicon system non- 
single crystal semiconductor for the solar battery elements of two-layer nip (or pin) structure to the field of the 
conductive substrate other side of drawing 10 (B) to the front face The cascade screen of the silicon system non-single 
crystal semiconductor for the diode components of in (or ip) structure is formed in the field of the conductive substrate 
near side of drawing 10 (B). 

[0074] In addition, temperature control means, such as a heating heater which controls a substrate at each membrane 
formation room to the predetermined temperature for which it was suitable at deposition of a semi-conductor although 
not shown in drawing, A material gas installation means to introduce the material gas for semi-conductor formation 
into each membrane formation interior of a room from a gas supply means, The non-illustrated exhaust pipe which 
exhausts a membrane formation room with an exhaust air means, and is adjusted to a predetermined pressure, A 
discharge means by which it does not illustrate [ which supplies high-frequency power to the gas of the membrane 
formation interior of a room from a non-illustrated RF generator ] is established. At the membrane formation rooms 
1004A, 1005A, 1006A, 1004B, 1005B, and 1006B, n, i, p, n, i, and the silicon system non-single crystal half conductor 
layer of p (or p, i, n, p, i, n) mold deposit by the plasma-CVD method at each discharge room 1008, respectively. 
[0075] A mask 1009 is formed in the discharge room 1008 upper parts between the conductive substrates 1003, and a 
desired semi-conductor layer deposits on the position on the band-like conductive substrate 1003. 
[0076] Opening of a mask 1009 is in the location of each discharge room 1008 throats, and it is shown in drawing 10 
(B) whether a semi-conductor layer deposits in which location. It separates into the semi-conductor stratification field 
1010 for solar battery elements of the other side of this drawing conductivity substrate 1003, and the semi-conductor 
film formation field 101 1 for diode components of a near side, and the semi-conductor cascade screen for the diode 
components of in (or ip) structure deposits [ the semi-conductor cascade screen for the solar battery elements of nipnip 
(or pinpin) structure ] opening of a mask 1009 on the other side of this drawing conductivity substrate 1003 at a near 
side. 

[0077] If such equipment is used, the semi-conductor layer of the solar battery of this invention can be formed. Then, 
the transparence electric conduction film of ITO and Sn02 grade can be formed by the well-known vacuum deposition 
method or the sputtering method, current collection electrodes, such as Ag and aluminum, can be further formed with a 
vacuum deposition method, screen printing, etc., the current collection electrode of a solar battery element and a diode 
component can be connected with lead wire, and the solar battery of this invention as shown in drawing 1 can be 
manufactured by applying a black protection-from-light coating etc. on a diode component. 

[0078] (Solar cell module) The solar cell module concerning this invention carries out the series connection of two or 
more solar batteries which connected the by-pass diode component to the solar battery element mentioned above, and 
points out what carried out the modularization. 

[0079] If one solar battery becomes a shadow in n solar batteries by which series connection was carried out when there 
is no by-pass diode, since open circuit voltage twice (n-1) the reverse voltage [ max and ] of other solar battery 
elements will be impressed to the solar battery which became a shadow, when a partial shadow is made, the number of 
series connection can be increased only within limits to which the reverse voltage concerning a solar battery element 
does not exceed pressure-proofing of a solar battery element. 

[0080] However, the number of series connection of the solar battery at the time of the modularization of the solar 
battery of this invention being carried out since the by-pass diode is connected for every solar battery element can be 
freely set as the appearance from which desired output voltage is obtained. 

[0081] Moreover, it may be made to carry out parallel connection to two or more solar batteries by which did not 
necessarily need to connect the diode which consists of a single crystal semiconductor when carrying out the series 
connection of the solar battery and carrying out a modularization, although parallel connection of the diode which 
becomes the by-pass diode component which consists of a silicon system non-single crystal semiconductor in this 
invention from a single crystal semiconductor may be carried out further for every solar battery, and the series 
connection was carried out at a rate of one piece. 

[0082] Furthermore, when carrying out the series connection of two or more solar cell modules, you may make it put 

only one diode which consists of a single crystal semiconductor into the solar cell module of one sheet. 

[0083] 

[Example] Below, although the solar battery and solar cell module of this invention are explained in full detail, this 
invention is not limited at all by these examples. 

[0084] (Example 1) In this example, the semi-conductor film of the solar battery element of the nipnip structure which 
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consists of a silicon system non-single crystal semiconductor, and the diode component of in structure which consists 
of a silicon system non-single crystal semiconductor was continuously formed on the conductive substrate using the 
manufacturing installation of a configuration of having been shown in drawing 10 , and the solar battery of a 
configuration of having been shown in drawing 1 was produced. 
[0085] Below, the production approach is explained according to a procedure. 

(1) Where it wound the lOOOnm ZnO transparence conductive layer around formation and the band-like conductive 
substrate 1003 which carried out the laminating is wound around a coiled form as 500nm Ag layer and a diffusion 
prevention layer of Ag as a rear-face reflecting layer by the DC magnetron sputtering method well-known on the front 
face of the band-like stainless plate made from SUS430BA (0.13mm in width-of-face [ of 356mm ] x die-length [ of 
200m ] x thickness), it set to substrate volume ****** 1001. Next, the membrane formation rooms 1004A, 1005A, 
1006A, 1004B, 1005B, and 1006B were made to penetrate this conductive machine hill 1003 through each gas gate 
1007, and tension was applied to delivery and extent not slackening to the substrate rolling-up room 1003. 
[0086] In addition, the non-illustrated bobbin with which the **** film made of aramid paper (0.05mm in width-of- 
face [ of 356mm ] x die-length [ of 200m ] x thickness) dried enough was twisted around the substrate **** picking 
room 1003 is set, and this protection film was involved in with the conductive machine hill 1003 where the semi- 
conductor layer was formed in the front face. 

[0087] (2) After setting a conductive substrate, having carried out evacuation of the inside of each membrane formation 
room 1004A-1006B once, and exhausting it succeedingly with a non-illustrated evacuation pump, helium gas was 
introduced and each membrane formation indoor section was made into about 350 degrees C the ******-king in about 
200Pa helium ambient atmosphere. 

[0088] (3) After heating baking, exhausting each ** 1004A-1006B with an evacuation pump, respectively, H2 was 
carried out at each gas gate, and predetermined flow rate installation of each material gas was carried out as gate gas at 
the discharge room 1008 of 1000 sccm(s) each and each membrane formation room. And by adjusting the opening of 
the throttle valve which is not illustrated [ which was prepared in the exhaust pipe between the evacuation pump which 
exhausts each membrane formation room, and each membrane formation room ], the interior of substrate volume 
****** 1001 and the substrate rolling-up room 1002 was set to 130Pa, and setting pressure of each discharge indoor 
section of each membrane formation rooms 1004A-1006B was set to 135Pa. 

[0089] (4) In the place by which the pressure of each ** was stabilized, the rolling-up bobbin of the conductive 
substrate 1003 of the substrate rolling-up room 1002 was rotated, and the conductive substrate 1003 was moved in the 
direction which goes to membrane formation room 1006B from membrane formation room 1004 A at the rate of 250 
mm/min. Moreover, temperature control was performed so that the conductive substrate which moves might become 
temperature predetermined at each discharge room with a temperature control means formed in each discharge room 
1008 by which it does not illustrate. 

[0090] (5) High-frequency power was switched on through matching equipment from the non-illustrated RF generator, 
glow discharge decomposition of the material gas of each discharge interior of a room was carried out, and the 
discharge electrode which is not illustrated [ which was prepared in each discharge room of the membrane formation 
rooms 1004A-1006B ] was made to generate the plasma in the place by which the temperature of a substrate was 
stabilized. According to the membrane formation conditions shown in Table 1, deposition of the semi-conductor film 
was performed on the conductive substrate which moves continuously in each membrane formation interior of a room, 
spacing of 6mm was opened on the conductive substrate which is width of face of 356mm, and the two-layer tandem- 
die solar battery element of nipnip structure with a width of face of 300mm and the diode component of in structure 
with a width of face of 50mm were formed. 

[0091] (6) After carrying out deposition formation of the semi-conductor film over about 170m of a band-like substrate, 
the injection of discharge power, installation of material gas, and heating of a conductive substrate and a membrane 
formation room were suspended, the purge of the membrane formation interior of a room was performed, after cooling 
a conductive substrate and the interior of equipment enough, equipment was opened, and the conductive substrate 
which the semi-conductor layer was formed in the front face, and was wound around the coiled form was picked out 
from equipment. 

[0092] (7) On the formed semi-conductor film, the ITO thin film of 70nm of thickness was formed as transparence 
electric conduction film by the sputtering method, and thin line-like Ag electrode was formed in fixed spacing as a 
current collection electrode with the screen printing using Ag ** 1 strike. In addition, the transparence electric 
conduction film and a current collection electrode were formed only on the semi-conductor film, and connected the 
current collection electrode on a solar battery element, and the current collection electrode on a diode component with 
the lead wire of a thin copper plate. 

[0093] (8) After applying the black coating for protection from light to the part of a diode component, the conductive 
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substrate in which the solar battery was formed was cut for every die length of 100mm, and 150 solar batteries with a 
width of face [ of 356mm ] and a die length of 100mm were produced. Drawing 1 is the typical sectional view showing 
the lamination of the produced solar battery. 

[0094] (9) This solar battery was put through fat-proof [ EVA ] with a thickness of about 0.5mm (ethylene vinyl 
acetate) between the fluorine system surface-protection sheet [the copolymer ETFE of ethylene tetrafluoride and 
ethylene (E. I. du Pont de Nemours tefzel)] with a thickness of 0. 1mm, and the zinc paint steel plate with a thickness of 
0.3mm, and it closed by resin by carrying out heating compression using well-known vacuum lamination equipment. 
[0095] (10) The above-mentioned process (1) The place which investigated the current-voltage characteristic of the 
solar battery produced by - (9), Also where the diode component was operating as a by-pass diode and light is 
intercepted in reverse voltage 0.3 V, it is the same as the short-circuit current at the time of AMI. 5 (1000 W/m2) 
exposure of a solar battery element — it was checked that only very low reverse voltage is impressed to a solar battery 
element even if the current of ** flows and it impresses an electrical potential difference to hard flow in the state of 
dark. 

[0096] (11) Light was completely intercepted to the produced solar battery, the constant voltage power supply of IV 
was connected to hard flow, it put into environmental -test equipment with a% [ of humidity ] of 95, and a temperature 
of 50 degrees C, partial protection from light was performed under highly humid, and the durability test reproducing 
the condition that reverse voltage was impressed was performed continuously for 1 hour. In addition, when a current- 
limiting circuit was established in a constant voltage power supply and the current beyond the short-circuit current at 
the time of AMI. 5 (1000 W/m2) exposure of a solar battery element flowed, it was made to operate as a constant 
current power supply of the short-circuit current at the time of AMI. 5 (1000 W/m2) exposure of a solar battery 
element. 

[0097] Consequently, as for the parallel resistance of the solar battery in the humidity of 50%, the temperature of 25 
degrees C, and a dark condition, it turned out that the average before a trial is maintain at the level which a problem 
does not have in any way practically although 100komegacm2 and a fall were saw for the average after 10 - M 
omegacm2 and a trial before and after the durability test, and there is no almost change in the curvilinear factor of a 
solar battery element, and open circuit voltage. 

[0098] Moreover, the photoelectric conversion efficiency at the time of AMI. 5 (1000 W/m2) exposure at the humidity 
of 50% of the solar battery after a durability test and the temperature of 25 degrees C was hardly changing with an 
average of 95% of value before a trial. 

[0099] (Example 1 of a comparison) In case a solar battery is produced using the equipment of drawing 10 , this 
example closes the opening 101 1 for diode components of the mask of each discharge room, and the point it was made 
not to deposit the semi-conductor film for diode components differs from an example 1 by it. 

[0100] The solar battery of this example consists of a part of the solar battery element 101 of drawing 1 , and does not 
have a diode component. Therefore, spreading of the protection-from-light coating 1 10 or the connection of lead wire 
109 which were indicated in the example 1 were not performed. 

[0101] Thus, the produced solar battery was closed by resin by the example 1 and these conditions, partial protection 
from light was performed under highly humid on an example 1 and these conditions, and the durability test reproducing 
the condition that reverse voltage was impressed was performed continuously for 1 hour. 

[0102] Consequently, before and after the durability test, the average after 10-M omegacm2 and a trial is [ the average 
before a trial ] as large as lkomegacm2, the parallel resistance of the solar battery in the humidity of 50%, the 
temperature of 25 degrees C, and a dark condition was falling, effect appeared in the current-voltage curve of a solar 
battery element, and a curvilinear factor and open circuit voltage fell greatly. 

[0103] Moreover, the photoelectric conversion efficiency at the time of AMI . 5 (1000 W/m2) exposure at the humidity 
of 50% of the solar battery after a durability test and the temperature of 25 degrees C fell to an average of 70% of value 
before atrial. 

[0104] In addition, the photoelectric conversion efficiency before the durability test of the solar battery element which 
does not connect a diode component was completely the same as the photoelectric conversion efficiency before the 
durability test of the solar battery which connected the diode component of an example 1, and it was checked by 
connection of a diode component in the example 1 that there had been no effect in the photoelectric conversion 
efficiency of a solar battery element. 

[0105] (Example 2) In this example, the point which produced the solar battery of a configuration of having been 
shown in drawing 1 differs from an example 1 using the manufacturing installation of a configuration of having been 
shown in drawing 10 by making into reversed polarity the conductivity type of the semi-conductor film which forms 
membranes at the membrane formation rooms 1004A, 1006A, 1004B, and 1006B. 

[0106] That is, the semi-conductor film of the solar battery element of the pinpin structure which consists of a silicon 
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system non-single crystal semiconductor, and the diode component of ip structure which consists of a silicon system 
non-single crystal semiconductor was continuously formed on the conductive substrate. Table 2 is the production 
conditions of the semi-conductor film in each membrane formation room. 

[0107] Thus, the produced solar battery was closed by resin by the example 1 and these conditions, partial protection 
from light was performed under highly humid on an example 1 and these conditions, and the durability test reproducing 
the condition that reverse voltage was impressed was performed continuously for 1 hour. 

[0108] Consequently, as for the parallel resistance of the solar battery in the humidity of 50%, the temperature of 25 
degrees C, and a dark condition, the average before a trial is maintained at the level which a problem does not have in 
any way practically although 100komegacm2 and a fall were seen for the average after 10-M omegacm2 and a trial 
before and after the durability test, and there was almost no change in the curvilinear factor of a solar battery element, 
and open circuit voltage. 

[0109] Moreover, the photoelectric conversion efficiency at the time of AMI .5 (1000 W/m2) exposure at the humidity 
of 50% of the solar battery after a durability test and the temperature of 25 degrees C was hardly changing with an 
average of 95% of value before a trial. 

[0110] (Example 3) In this example, parallel connection of the diode which becomes the diode component of in 
structure which consists of a silicon system non-single crystal semiconductor from single crystal silicon is carried out, 
and the point which produced the solar battery of a configuration of having been shown in drawing 4 differs from an 
example 1 . 

[0111] Below, the production approach is explained according to a procedure. 

(1) The semi-conductor film of the solar battery element of the nipnip structure which consists of a silicon system non- 
single crystal semiconductor, and the diode component of in structure which consists of a silicon system non-single 
crystal semiconductor was continuously formed on the conductive substrate like the example 1 using the manufacturing 
installation of a configuration of having been shown in drawing 10 . 

[01 12] (2) the maximum rating of forward current - 3 times of the short-circuit current at the time of AMI. 5 
(1000W/m2) exposure of a solar battery element ~ forward voltage when forward current is equal to the short-circuit 
current at the time of AMI. 5 (1000 W/m2) exposure of a solar battery element - about 0.8 - parallel connection of the 
diode which consists of single crystal silicon which is V was carried out through lead wire, and the solar battery of a 
configuration of having been shown in drawing 4 was manufactured. 

[01 13] In addition, the forward direction carried out parallel connection to it, as the diode which consists of a diode 
component which consists of a silicon system non-single crystal semiconductor, and single crystal silicon became the 
same direction. 

[01 14] Thus, the produced solar battery was closed by resin by the example 1 and these conditions, partial protection 
from light was performed under highly humid on an example 1 and these conditions, and the durability test reproducing 
the condition that reverse voltage was impressed was performed continuously for 1 hour. 

[0115] Consequently, as for the parallel resistance of the solar battery in the humidity of 50%, the temperature of 25 
degrees C, and a dark condition, the average before a trial is maintained at the level which a problem does not have in 
any way practically although 50komegacm2 and a fall were seen for the average after 5-M omegacm2 and a trial before 
and after the durability test, and there was almost no change in the curvilinear factor of a solar battery element, and 
open circuit voltage. 

[0116] Moreover, the photoelectric conversion efficiency at the time of AMI .5 (1000 W/m2) exposure at the humidity 
of 50% of the solar battery after a durability test and the temperature of 25 degrees C was hardly changing with an 
average of 95% of value before a trial. 

[0117] (Example 4) In this example, the partial change of the manufacturing installation of a configuration of having 
been shown in drawing 10 is carried out, and opening of the mask 1009 of the discharge room 1008 is not divided into 
two places at each membrane formation rooms 1005 A and 1004B, but the point which produced the solar battery of a 
configuration of that the semi-conductor film formation field 1010 for solar battery elements showed the semi- 
conductor film formation field 1011 for diode components to drawing 2 continuously as differs from an example 1. 
[0118] That is, the semi-conductor film of the solar battery element of the nipnip structure which consists of a silicon 
system non-single crystal semiconductor, and the diode component of in structure which consists of a silicon system 
non-single crystal semiconductor was continuously formed on the conductive substrate. 

[0119] Thus, the produced solar battery was closed by resin by the example 1 and these conditions, partial protection 
from light was performed under highly humid on an example 1 and these conditions, and the durability test reproducing 
the condition that reverse voltage was impressed was performed continuously for 1 hour. 

[0120] Consequently, as for the parallel resistance of the solar battery in the humidity of 50%, the temperature of 25 
degrees C, and a dark condition, the average before a trial is maintained at the level which a problem does not have in 



Page 11 of 18 



any way practically although 100komegacm2 and a fall were seen for the average after 1-M omegacm2 and a trial 
before and after the durability test, and there was almost no change in the curvilinear factor of a solar battery element, 
and open circuit voltage. 

[0121] Moreover, the photoelectric conversion efficiency at the time of AMI. 5 (1000 W/m2) exposure at the humidity 
of 50% of the solar battery after a durability test and the temperature of 25 degrees C was hardly changing with an 
average of 95% of value before a trial. 

[0122] (Example 5) In this example, as the partial change of the manufacturing installation of a configuration of having 
been shown in drawing 10 is carried out, the semi-conductor film for solar battery elements is formed in the side front 
of a conductive substrate by width of face of 350mm and the semi-conductor film for diode components is formed in 
the background of a conductive substrate by width of face of 150mm at each membrane formation rooms 1005 A and 
1004B, the point which produced the solar battery of a configuration of having been shown in drawing 3 differs from 
an example 1 . 

[0123] That is, the semi-conductor film of the solar battery element of the nipnip structure which becomes the front 
flesh side of a conductive substrate from a silicon system non-single crystal semiconductor, and the diode component 
of in structure which consists of a silicon system non-single crystal semiconductor was formed continuously. 
[0124] In addition, the diode component was formed in the rear face of a conductive substrate, and since incident light 
was interrupted, spreading of a protection-from-light coating was not performed for a diode component. 
[0125] Thus, the produced solar battery was closed by resin by the example 1 and these conditions, partial protection 
from light was performed under highly humid on an example 1 and these conditions, and the durability test reproducing 
.the condition that reverse voltage was impressed was performed continuously for 1 hour. 

[0126] Consequently, as for the parallel resistance of the solar battery in the humidity of 50%, the temperature of 25 
degrees C, and a dark condition, the average before a trial is maintained at the level which a problem does not have in 
any way practically although 100komegacm2 and a fall were seen for the average after 1-M omegacm2 and a trial 
before and after the durability test, and there was almost no change in the curvilinear factor of a solar battery element, 
and open circuit voltage. 

[0127] Moreover, the photoelectric conversion efficiency at the time of AMI. 5 (1000 W/m2) exposure at the humidity 
of 50% of the solar battery after a durability test and the temperature of 25 degrees C was hardly changing with an 
average of 95% of value before a trial. 

[0128] (Example 6) the manufacturing installation of a configuration of that this example showed to drawing 10 - a 
partial change ~ carrying out — between membrane formation room 1006B and the substrate rolling-up rooms 1002 — 
three more membrane formation rooms, n(p) type layer membrane formation room 1004C, and i type layer membrane 
formation room -- 1005C and p(n) type layer membrane formation room 1006C were added. 
[0129] As the semi-conductor film for the three-layer tandem -die solar battery elements of nipnipnip (or pinpinpin) 
structure is formed and the semi-conductor film for diode components is formed in some conductive substrates at the 
membrane formation rooms 1005A, 1005B, and 1004C by this, the point which produced the solar battery of a 
configuration of having been shown in drawing 5 differs from an example 1. 

[0130] That is, the semi-conductor film of the solar battery element of the nipnipnip structure which consists of a 
silicon system non-single crystal semiconductor, and the diode component of in structure which consists of a silicon 
system non-single crystal semiconductor was continuously formed on the conductive substrate like the example 1 
except having changed the membrane formation conditions of each membrane formation room, as shown in Table 3. 
[0131] Thus, the produced solar battery was closed by resin by the example 1 and these conditions, partial protection 
from light was performed under highly humid on an example 1 and these conditions, and the durability test reproducing 
the condition that reverse voltage was impressed was performed continuously for 1 hour. 

[0132] Consequently, as for the parallel resistance of the solar battery in the humidity of 50%, the temperature of 25 
degrees C, and a dark condition, the average before a trial is maintained at the level which a problem does not have in 
any way practically although 100komegacm2 and a fall were seen for the average after 10-M omegacm2 and a trial 
before and after the durability test, and there was almost no change in the curvilinear factor of a solar battery element, 
and open circuit voltage. 

[0133] Moreover, the photoelectric conversion efficiency at the time of AMI. 5 (1000 W/m2) exposure at the humidity 
of 50% of the solar battery after a trial and the temperature of 25 degrees C was hardly changing with an average of 
95% of value before a trial. 

[0134] (Example 7) In this example, the ten-step series connection of the solar battery which consisted of a solar 
battery element produced in the example 6 and a diode component was carried out, and the solar cell module was 
produced. 

[0135] in addition — each solar battery - the maximum rating of forward current — 3 times of the short-circuit current 
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at the time of AMI .5 (1000 W/m2) exposure of a solar battery element - forward voltage when forward current is 
equal to the short-circuit current at the time of AMI .5 (1000 W/m2) exposure of a solar battery element -- about 0.8 
the diode which consists of single crystal silicon which is V was connected to juxtaposition. 

[0136] Thus, the produced solar cell module was closed by resin by the example 1 and these conditions, only one piece 
was completely shaded in the solar battery which carried out ten-step series connection with the mask, and the constant 
voltage power supply of 3V was connected to hard flow, it put into environmental test equipment with a% [ of 
humidity ] of 95, and a temperature of 50 degrees C, partial protection from light was performed under highly humid, 
and the durability test reproducing the condition that reverse voltage was impressed was performed continuously for 1 
hour. 

[0137] In addition, when a current-limiting circuit was established in a constant voltage power supply and the current 
beyond the short-circuit current at the time of AMI .5 (1000 W/m2) exposure of a solar battery element flowed, it was 
made to operate as a constant current power supply of the short-circuit current at the time of AMI. 5 (1000 W/m2) 
exposure of a solar battery element. 

[0138] Consequently, as for the parallel resistance in the humidity of 50% of the solar battery which intercepted light 
before and after the durability test, the temperature of 25 degrees C, and a dark condition, the average before a trial is 
maintained at the level which a problem does not have in any way practically although 50komegacm2 and a fall were 
seen for the average after 5 - M omegacm2 and a trial, and there was almost no change in the curvilinear factor of a 
solar battery element, and open circuit voltage. 

[0139] Moreover, the photoelectric conversion efficiency at the time of AMI. 5 (1000 W/m2) exposure at the humidity 
of 50% of the solar cell module which removed the protection-from-light mask after a trial, and the temperature of 25 
degrees C was hardly changing with an average of 95% of value before a trial. 

[0140] (Example 2 of a comparison) In this example, the point which used the current collection electrode of a diode 
component as the solar cell module to which the diode component of in structure which consists of a silicon system 
non-single crystal semiconductor is not connected as the diode component which consists of a silicon system non- 
single crystal semiconductor is not connected to except for the lead wire linked to a solar battery element differs from 
an example 7 in the solar cell module produced in the example 6. In addition, the diode which becomes each solar 
battery to which ten-step series connection of the solar cell module was carried out from single crystal silicon like an 
example 7 was connected to juxtaposition. 

[0141] Thus, the produced solar cell module was closed by resin by the example 1 and these conditions, only one piece 
was completely shaded in the solar battery which carried out ten-step series connection with the mask, and the constant 
voltage power supply of 3 V was connected to hard flow, it put into environmental test equipment with a% [ of 
humidity ] of 95, and a temperature of 50 degrees C, partial protection from light was performed under highly humid, 
and the durability test reproducing the condition that reverse voltage was impressed was performed continuously for 1 
hour. 

[0142] In addition, when a current-limiting circuit was established in a constant voltage power supply and the current 
beyond the short-circuit current at the time of AMI .5 (1000 W/m2) exposure of a solar battery element flowed, it was 
made to operate as a constant current power supply of the short-circuit current at the time of AMI. 5 (1000 W/m2) 
exposure of a solar battery element. 

[0143] Consequently, before and after the durability test, the average after 5-M omegacm2 and a trial is [ the average 
before a trial ] as large as lkomegacm2, the parallel resistance in the humidity of 50% of the solar battery which 
intercepted light, the temperature of 25 degrees C, and a dark condition was falling, effect appeared in the current- 
voltage curve of a solar battery element, and a curvilinear factor and open circuit voltage fell greatly. 
[0144] Moreover, the photoelectric conversion efficiency at the time of AMI. 5 (1000 W/m2) exposure at the humidity 
of 50% of the solar cell module after a trial and the temperature of 25 degrees C fell to an average of 70% of value 
before atrial. 
[0145] 
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[Table 3] 
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[0148] 

[Effect of the Invention] the solar battery which can boil markedly the dependability of a solar battery and a solar cell 
module, and can raise it is obtained without controlling generating of a short circuit of the solar cell module by the 
partial optical cutoff under high humidity, and reducing the engine performance of a solar battery, even if it uses 
metals, such as Ag, for a rear-face reflecting layer or a current collection electrode since the reverse voltage impressed 
to each solar battery is very low according to this invention even if a partial shadow arises in a solar cell module as 
explained above. 

[0149] Moreover, according to this invention, without carrying out insulating processing of the front face on the same 
conductive substrate, a solar battery element and a by -pass diode component can be formed in coincidence, and a solar 
battery and a solar cell module excellent in productivity with a by-pass diode can be offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the typical sectional view showing an example of the solar battery concerning this invention. 
[Drawing 2] It is the typical sectional view showing other examples of the solar battery concerning this invention. 
[Drawin g 3] It is the typical sectional view showing other examples of the solar battery concerning this invention. 
[Drawing 4] It is the typical sectional view showing other examples of the solar battery concerning this invention. 
[Drawin g 5] It is the typical sectional view showing other examples of the solar battery concerning this invention. 
[Drawing 6] It is the typical sectional view showing other examples of the solar battery concerning this invention. 
[Drawing 7] It is the typical sectional view showing other examples of the solar battery concerning this invention. 
[Drawing 8] It is the typical sectional view showing other examples of the solar battery concerning this invention. 
[Drawing 9] It is the typical sectional view showing other examples of the solar battery concerning this invention. 
Prawing 10] It is the typical sectional view showing an example of the manufacturing installation used for production 
of the solar battery concerning this invention. 
Pescription of Notations] 

101, 201, 301, 401, 501, 601, 701, 801, 901 solar battery elements, 

102, 202, 302, 402, 502, 602, 702, 802, a 902 diode component, 

103, 203, 303, 403, 503, 603, 703, 803, 903, 1003 Conductive machine hill, 

104A, 204A, 304A, 404A, 504A, 604A, 704A, 804A, 904A, 104B, 204B, 304B, 404B, 504B, 604B, 704B, 804B, 

904B, 504C, 604C, 704C, 804C, 904C, 104D, 304D, 404D, 504D n (or p) mold semi-conductor layer, 

105A, 205A, 305A, 405A, 505A, 605A, 705A, 805A, 905A, 105B, 205B, 305B, 405B, 505B, 605B, 705B, 805B, 

905B, 505C, 605C, 705C, 805C, 905C, 105D, 305D, 405D, 505D It is a genuineness semi-conductor layer 

substantially, 

106A, 206A, 306A, 406A, 506A, 606A, 706A, 806A, 906A, 106B, 206B, 306B, 406B, 506B, 606B, 706B, 806B, 
906B, 506C, 606C, 706C, 806C, 906C p (or n) mold semi-conductor layer, 

107, 207, 307, 407, 507, 607, 707, 807, 907, 107D, 207D, 307D, 407D, 507D, 607D, 707D, 807D, 907D Transparence 
electric conduction film, 

108, 208, 308, 408, 508, 608, 708, 808, 908, 108D, 208D, 308D, 408D, 508D, 608D, 708D, 808D, 908D Current 
collection electrode, 

109, 209, 309, 409, 509, 609, 709, 809, 909 lead wire, 

110, 210, 410, 510, 610, 710, 810, 910 Protection-from-light coating, 
411 Diode Which Consists of a Single Crystal Semiconductor, 

1001 Substrate Volume ******, 

1002 Substrate Rolling-Up Room, 

1004 A, 1004B n (or p) mold semi-conductor layer membrane formation room, 

1005 A, 1005B It is the genuineness membrane formation room of a semi-conductor layer substantially, 
1006A, 1006B p (or n) mold semi-conductor layer membrane formation room, 

1007 Gas Gate, 

1008 Discharge Room, 

1009 Mask, 

1010 Semi-conductor Film Formation Field for Solar Battery Elements, 

101 1 The semi-conductor film formation field for diode components. 
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